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(57) ABSTRACT 

In one aspect, the subject invention concerns the cloning and 
characterization of a previously unidenti?ed gene, provi 
sionally named ?m N, encoding a ?mbrial protein that is 
putatively involved in the attachment of B. bronchiseptica to 
respiratory epithelium. This gene has been subcloned into a 
bacterial expression vector, and the recombinant protein has 
been isolated and partially characterized. 

15 Claims, 7 Drawing Sheets 
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POLYNUCLEOTIDES ENCODING 
BORDA T ELLA BRON CHISEPT I CA FIMBRIAL 

PROTEINS (FIMN), VECTORS, AND 
EXPRESSION SYSTEMS THEREFOR 

CROSS-REFERENCE TO A RELATED 
APPLICATION 

This application claims the bene?t of US. Provisional 
Application No. 60/134,181 ?led May 14, 1999 

The subject invention Was made With government support 
under Grant No. TENV1433BEMIS99 aWarded by the 
United States Department of Agriculture. The government 
has certain rights in this invention. 

BACKGROUND OF THE INVENTION 

Bordetella bronchiseptica is an etiologic agent of infec 
tious tracheobronchitis (Kennel Cough) in dogs, atrophic 
rhinitis in pigs, and respiratory infections in rabbits and 
guinea pigs. Bordetella infections depress the respiratory 
clearance mechanisms (mucociliary elevator), facilitating 
invasion by other organisms. ColoniZation of the upper 
respiratory tract by the bacteria occurs via ?rm attachment 
to the ciliated respiratory epithelium, folloWed by rapid 
proliferation and an in?ammatory response. Binding to host 
tissue is the primary step in the establishment of infection, 
and B. bronchispetica produce an array of moleculesthat 
mediate attachment, including ?lamentous hemagglutinin, 
tracheal cytotoXin, pertactin, and ?mbriae. Several genes 
coding for ?mbrial subunits have been previously reported, 
including ?m 2, ?m 3, ?m A, and ?m X. Most of these 
?mbrae have counterparts in B. pertussis. 
TWo ?mbrial phenotypes of B. bronchiseptica have been 

de?ned serologically as ?m 2 and ?m 3. They are reactive 
With factor speci?c antiserums historically used for serotyp 
ing B. pertussis isolates. Fim A and ?m X (BoschWitZ, J. S., 
H. G. J. van der Heide, F. R. Mooi, and D. A. Relman [1997] 
J. Bacteriol. 179:7882—7885), tWo other major ?mbrial 
proteins, are also eXpressed in B.br0nchiseptica; hoWever, 
their antigenic characteristics are not knoWn. Existence of 
other bordetella ?mbriae has been hypothesiZed (Mooi, F. 
R., W. H. Jansen, H. Brunings, H. Gielen, H. G. J van der 
Heide, H. C. Walvoort, and Guinee, P. A. M. [1992] Micro. 
Pathog. 12:127—135). 

The expression of bordetella ?mbrial genes is positively 
regulated through the bvg locus (Willems, R., A. Paul, H. G. 
J. van der Heide, A. R. ter Avest, and F. R. Mooi [1990] 
EMBO J. 9:2803—2809) and their promoter regions have in 
common a stretch of cytosines referred to as a C-stretch 

(Willems et al. [1990] supra; Riboli, B., P. Pedroni, A. 
CuZZoni, and F. de Ferra [1991] Micro. Pathog. 
10:393—403), and tWo motifs 5‘ to the C-stretch comprising 
an ABR or ?m boX (Riboli et al., [1991] supra). Character 
iZation of ?mbrial genes and their products is important to 
the understanding of ?mbrial gene regulation, for serologi 
cal diagnosis, for identi?cation of potential subunit vaccine 
candidates, and to understand mechanisms of cellular adhe 
s1on. 

BRIEF SUMMARY OF THE INVENTION 

The subject invention concerns novel polynucleotides of 
Bordetella species, and the polypeptides encoded thereby. 
The subject invention further provides vaccines useful for 
providing protection against Bordetella infections. 

In a speci?c embodiment, the subject invention provides 
a unique Bordetella bronchiseptica gene. This gene Was 
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2 
isolated from a cosmid constructed With B. bronchiseptica 
chromosomal DNA. This cosmid, When introduced into 
attachment de?cient B. bronchiseptica, increases the binding 
of the bacteria to epithelial cells. The ?mbrial gene, referred 
to as ?m N, has been subcloned and sequenced. The pre 
dicted protein from this gene has about 59% and about 52% 
homology With B. bronchiseptica ?m 2 and ?m 3, respec 
tively. Fim N encodes a protein predicted to be similar in 
siZe and structure to those encoded by ?m 2 and ?m 3. 
Serologically, the ?m N protein appears to have cross 
reactivity With serotype 2 antibodies. The ?m N protein is 
present in B. bronchiseptica isolates associated With disease 
in several species of veterinary importance. 

Various abbreviations are found Within this speci?cation. 
Their terms and meanings are as folloWs: aa, amino acid(s); 
Ab, antibody(ies); Ap, ampicillin; ELISA, enzyme-linked 
immunosorbent assay; EtdBr, ethidium bromide; IPTG, iso 
propyl [3—D-thiogalactopyranoside; kb, kilobase; LB, Luria 
Bertani (medium); mAB, monoclonal Ab; Ni—-NTA, 
nickel-nitrilotriacetic acid; nt, nucleotide(s); O.D., optical 
density; oligo, oligonucleotide; ORF, open reading frame; p, 
plasmid; PCR, polymerase chain reaction; PBS, phosphate 
buffered saline; PBSTW, PBS containing polyoXyethylene 
sorbitan monolaurate; SDS-PAGE, sodium dodecyl sulfate 
polyacrylamide gel electrophoresis; Tc, tetracycline. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a comparison of the DNA sequences of 
Bordetella bronchiseptica ?mbrial genes ?m 2 SEQ ID 
N018, ?m 3 SEQ ID N016 and ?m N SEQ ID N013. 

FIG. 2 shoWs a comparison of Bordetella bronchiseptica 
?mbrial proteins ?m 2 SEQ ID NO:9, ?m 3 SEQ ID NO:7, 
?m X SEQ ID NO:11, ?mASEQ ID NO:13 and ?m N SEQ 
ID NO:4 predicted from DNA sequences. 

FIG. 3 shoWs SDS-PAGE analysis of ?m N recombinant 
protein. Proteins Were separated by electrophoresisin 10% 
SDS-PAGE. Lane 1; MBP-?m N recombinant protein, lane 
2; MBP standard, lane 3; MBP-?m N recombinant protein 
treated With factor Xa to separate the fusion proteins. 

FIG. 4 shoWs the ?m N DNA sequence and predicted 
protein from B. bronchiseptica. The DNA sequence is iden 
tical in plasmids pBS84 and pGB710, as Well as chromo 
somal B. bronchiseptica 110H (the source of the plasmids) 
and from B. bronchiseptica strain 64-C-0406. The putative 
signal sequence is shoWn in bold and the probe originally 
used to identify the gene in transfected E.c0li. is underlined. 

FIG. 5 shoWs a comparison of B.br0nchiseptica ?m N 
With other ?mbrial proteins. Comparisons of homology Were 
made using the gap program in the GCG softWare package. 
The sequences used for these comparisons Were obtained 
from the folloWing GenBank entries: B.pertussis ?m 2, 
FM2iBORPE; B.br0nchiseptica ?m 2, BBFIM2; B.pertus 
sis ?m X, BPFIMX; B. bronchiseptica ?m 3, BBFIM3, 
B.pertussis ?m 3, S12578; and B.br0nchiseptica ?m X, 
S36451. 

FIG. 6 shoWs the putative ?m N promoter region com 
pared to other ?m promoters. Alignment of the 5‘ and 3‘ 
activator binding regions and “C-stretch” characteristic of 
Bordetella ?mbrial promoters regulated by by genes. The 
activator binding regions are marked by boXes A (5‘) and B 
(3‘). The C-stretches are underlined, and the —10 regions are 
shoWn With a double underline. 

FIG. 7 shoWs the attachment of Bordetella bronchiseptica 
to Vero cells. Results shoWn represent the binding of bac 
teria to Vero cells and are the means of triplicate samples 
plus or minus the standard deviations. The lesion in the 



US 6,475,754 B1 
3 

spontaneously occuring mutant, strain 110NH, is localized 
in the Bvg locus as determined by complementation studies 
With a cloned Bvg gene (Bums, E. H., Jr. [1995] “Involve 
ment of serotype 2 ?mbriae in attachment by Bordetella 
bronchiseptica” dissertation, Univ. Tennessee). 

DETAILED DESCRIPTION OF THE 
INVENTION 

The subject invention pertains to Bordetella species ?m 
brial proteins and genes, and their use as vaccines. One 
aspect of the subject invention pertains to the ?mbrial 
protein (?m N) found in the bacterium, Bordetella bron 
chiseptica. 

The proteins and polynucleotides of the subject invention 
can be used to produce an immune response, such as 
antibody or cytokine production, by administration of the 
protein or polynucleotides to an animal. In one embodiment, 
the subject invention concerns the use of ?m N as an 
immunogenic vaccine component to protect against Borde 
tella infections. In a further embodiment the ?m N protein 
is used as a fusion partner With heterologous antigens in 
vaccine compositions. 

Serotype 2 cross-reactive ?mbrial are abundant, immun 
odominant surface ?brils present on many Wild-type strains 
of B. bronchiseptica and are involved in bacterial attachment 
to host surfaces. There is a redundancy of attachment 
proteins present in most B. bronchiseptica strains; hoWever, 
speci?c anti-?mbrial antibodies reactive With serotype 2 
?mbrial have been found to reduce bacterial attachment. 
Fim N possesses a major epitope shared With ?m 2 of 
Bordetella pertussis and recogniZed by monoclonal antibod 
ies BpF2, BPA10, and BPA5, making the subject protein a 
useful component for acellular human pertussis vaccines. 

The ?mbrial gene disclosed herein, ?m N, contains all of 
the features associated With bvg regulated expression and is 
distinct from previously reported ?mbrial genes of Borde 
tella species. 

The subject invention provides a previously unidenti?ed 
B.br0nchiseptica gene, ?mN, encoding a ?mbrial protein. 
The sequence of ?mN is distinct from, previously reported 
?mbrial subunit genes of B. bronchiseptica including ?mA, 
?m2, ?m3, and ?mX. 

The putative promoter region of ?mN contains a stretch of 
cytosines, termed a C-stretch (Riboli et al. [1991] supra), 
that is characteristic of the promoter region of B. bronchisep 
tica and B. pertussis ?mbrial genes. It is interesting to note 
that B. bronchiseptica chromosomal DNA contains tWo 
more cytosine residues in its C-stretch than the cloned gene. 
The length of the C-stretch is important because genes With 
longer C-stretches have been shoWn to have enhanced gene 
expression (Willems et al. [1990] supra; Riboli et al. [1991] 
supra). Changes in the length of the C-stretch may be used 
as a mechanism for regulation of ?m gene expression 
(Willems et al. [1990] supra). The promoter region of ?mN 
also contains the tWo regions comprising the ABR motif. 
The 5‘ section of the ABR is identical to that of B.pertussis 
?mX and differs from ?m2 and ?m3 by one nucleotide. The 
3‘ portion of the ABR is identical among ?mN, ?mX, ?m2, 
and ?m3 With the exception of B. bronchiseptica?mX. The 
lack of homology of ?mX With the 3‘ portion of the ABR of 
the other genes is not surprising because it has never been 
shoWn to be expressed. Bvg regulation of ?mN seems likely 
because the ABR, C-stretch, and 20 bp upstream from the 
initiation codon are sufficient, in the case of the bvg regu 
lated ?m3 promoter, for protein expression (Riboli et al. 
[1991] supra). The ?mN gene Was contained Within a 
cosmid constructed from B. bronchiseptica chromosomal 
DNA. 
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4 
Historically, the classi?cation of Bordetella ?mbrial pro 

teins has been based on serological reactivity. mAB reactive 
With serotype 2 and both serotype 2 and 3 ?mbrae react With 
?mN. One of the mAB, BpA10, shoWs some cross-reactivity 
With type 3 subunits on Western blots. Afurther classi?cation 
scheme involves relatedness at the genetic or peptide level. 
Among B.br0nchiseptica ?mbrial proteins, ?mN is most 
closely related to ?m2 and ?m3, and is essentially as similar 
in amino acid sequence to these proteins as they are to each 
other (53.4%). It is interesting to note that ?mN has slightly 
greater homology to ?m2 and ?m3 of B. pertussis than to the 
analogous B. bronchiseptica proteins. This association is 
even more pronounced When the comparison is done With 
the putative mature protein, lacking the signal peptide. 
Conservation of the ?mN sequence, deduced from tWo 
different B. bronchiseptica isolates, suggests that this protein 
is not restricted to a single isolate and that its function is 
important for the survival of the organism. 

Recombinant ?m N protein produced in E. coli can be 
concentrated as insoluble inclusion bodies, crude prepara 
tions of Which can be adapted to veterinary vaccine appli 
cations. A methodology of protein solubiliZation has been 
devised Which, When coupled With a commercially available 
af?nity puri?cation system, produces a homogenous 26 kd 
fusion protein in relatively high yield. One recombinant 
construct comprises a 593 bp coding region of ?m N, 
Without signal sequence, ?anked by histidine residues. The 
puri?ed recombinant ?m N protein reacts With ?m 2-speci?c 
antibodies and can elicit antibodies that react With native 
protein. Recombinant ?m N can be used as an injectable 
acellular vaccine component for animals. Functional adhe 
sive properties of puri?ed recombinant ?m N protein make 
it useful as an acellular vaccine product that can be directly 
instilled into the respiratory tract. 

In a further aspect of the subject invention, ?m N can be 
used as a carrier molecule for other antigens, to stabiliZe 
other antigens, or to stabiliZe protein compositions. Com 
positions comprising proteins or antigens (secondary 
antigens) may be stabiliZed by the addition of ?m N to 
compositions comprising antigen(s) or protein(s) Which one 
desires to stabiliZe. Alternatively, antigen or protein stabili 
Zation may be accomplished by ?m N conjugation to a 
secondary antigen, molecule, or protein. Fim N conjugation 
can have the bene?t of stabiliZing the secondary antigen and 
protecting it from degradation. Fim N may be conjugated to 
a secondary antigen using Well-knoWn chemical cross 
linking agents (see, for example, the Pierce Catalog and 
Handbook, The Pierce Chemical Company [1994]) or by 
recombinant fusion to a secondary antigen. Furthermore, ?m 
N can act as an adjuvant enhancing the immune response of 
a secondary antigen. Fim N can also facilitate delivery of a 
secondary antigen to the respiratory tract. For example, in 
one embodiment, a 663 bp carboxy terminal fragment of 
Pasteurella hemolytica leukotoxin (LTX) Was fused to the 
534 bp coding region of ?m N. The 72 kd fusion protein 
retained the antigenicity of its original components. LTX, 
noted for its lability in storage, even When in fusion With 
another protein (such as GST), Was stable in storage for 
extended periods, and When injected into mice and rabbits, 
produced high levels of antibodies that neutraliZed the 
activity of native leukotoxin and reacted With native ?m 
briae. Mice immuniZed With GST-LTX-FIM stored for up to 
six (6) months produced immune responses equivalent to 
those produced in mice immuniZed With freshly prepared 
GST-LTX-FIM. 

In yet another embodiment of the subject invention, 
recombinant ?m N can be expressed in avirulent Bordetella 
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strains for use as live attenuated intranasal vaccines. Recom 
binant ?m N polynucleotide, With its oWn promoter region, 
has been constructed on a broad host range, cryptic plasmid 
that Was originally isolated from Bordetella. This plasmid is 
very stable in Bordetella, even in the absence of selection. 
Using the methods and materials of the present invention, 
many different antigens can be delivered to the respiratory 
tract in this fashion. Live attenuated B. bronchiseptica 
intranasal vaccines have been in Widespread use for dogs 
and pigs. Commercial B. bronchiseptica Whole-cell bacter 
ins and acellular extract vaccines are used in dogs, cats and 
pigs. In addition to providing neW vaccines for these 
animals, B. bronchiseptica infects many other mammalian 
species and, therefore, can be used as an antigen delivery 
system in numerous other animals and systems. 

Yet another embodiment of the subject invention pertains 
to a recombinant GSTzLTXzFIM N fusion protein for use in 
ruminants as a protective immunogen against shipping fever 
pneumonia and other infections caused by Pasteurella 
hemolytica. Compared to GSTzLTX alone, the fusion protein 
containing ?m N, provides greater yields, gives greater 
stability to LTX and results in higher levels of leukotoxin 
neutraliZing antibodies in immuniZed animals. LTX neutral 
iZing antibody levels in the serum of immuniZed animals 
Were signi?cantly higher in groups of mice immuniZed With 
GST-LTX-FIM than in animals immuniZed With GST-LTX 
GST or GST-LTX (p<0.03 to 0.001). Interestingly, these 
results Were independent of the type or presence of addi 
tional adjuvants, such as complete or incomplete Freund’s 
adjuvant. The correlation betWeen neutraliZing antibodies 
and protection against P hemolytica induced pneumonia in 
cattle is Well documented; therefore, the recombinant 
GSTzLTXzFIM N protein provides an improved puri?ed 
protective antigen. 

Cosmid clones bearing the initial ?m N inserts restored 
?m 2 antigen reactivity and attachment levels in naturally 
de?cient strains of B. bronchiseptica to levels comparable to 
the strain from Which ?m N Was originally isolated. Hybrid 
iZation studies With oligonucleotide probes have indicated 
that other ?mbrial genes and adhesins (FHA and pertactin) 
are not present in the inserts. The 534 bp coding region of 
?m N, Without signal sequence, has been expressed in E. coli 
as a fusion protein With the histidine residues from the IPTG 
inducible trc promoter folloWing inframe cloning of an 
ampli?ed PCR product in pPROEX TM HT vector(Gibco). 
The resultant 26 kd fusion protein Was puri?ed under 
denaturing conditions using NI-NTA resin and refolded by 
dialysis. The puri?ed protein produced a single band in 
PAGE and reacted With monoclonal antibodies speci?c for 
B. pertussis denatured ?m 2 monomers but did not react With 
CF8 antibody Which recogniZes native protein. 

In preparation to express ?m N in B. bronchiseptica, the 
?m N coding region and a 170 bp upstream region predicted 
to contain the ?m promoter Were subcloned into the broad 
host range vector, pBBR 1. 

To evaluate the ability to use ?m N as a heterologous 
antigen carrier, a 663 bp polynucleotide encoding a carboxy 
terminal fragment of Pasteurella hemolytica leukotoxin (ltx) 
Was ampli?ed by PCR and cloned in pGEX-5X (Pharmacia 
Biotech). The LTX peptide Was expressed in fusion With 
Glutathione-S-transferase(GST) under control of inducible 
tac promoter. A 72 kd recombinant protein Was expressed in 
E. coli after cloning ?m N (Without signal sequence) doWn 
stream of the ltx construct. The protein Was puri?ed to 
produce a single band on PAGE and it reacted With both 
leukotoxin- and ?mbrial-speci?c antibodies by ELISA and 
Western blot. The GST-LTX-FIM fusion provided greater 
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6 
yields and in vitro stability of the LTX antigen and resulted 
in higher levels of LTX neutraliZing antibodies in mice than 
that Which is obtained from immuniZation With GST-LTX. 

In accordance With the subject invention, ?m N:heterolo 
gous antigen fusion proteins can be readily prepared and 
these recombinants retain the antigenic and immunogenic 
properties of their individual components. Furthermore, the 
hydrophobic nature of the ?m N protein makes it a more 
generally desirable adjuvant. 
The subject invention also pertains to vectors comprising 

polynucleotide sequences of the present invention. These 
vectors include, for example, cloning vectors, expression 
vectors and the like. Numerous vectors Which can be used 
according to the present invention are knoWn in the art. 

Also contemplated by the present invention are cells, 
microorganisms, viruses and the like that comprise the 
polynucleotides and/or polypeptides of the invention. The 
cells can be either eukaryotic or prokaryotic cells. Prokary 
otic cells include, for example, E coli, Bacillus species and 
others. Eukaryotic cells include, for example, yeast cells, 
insect cells, plant cells, and mammalian cells. Microorgan 
isms and cells comprising polynucleotides of the invention 
can be used to express suf?cient quantities of the ?mbrial 
protein for puri?cation purposes. 

The subject invention also concerns antibodies that bind 
to polypeptides of the invention. Antibodies that are immu 
nospeci?c for ?m N protein of the invention are speci?cally 
contemplated. Antibodies Which do not cross react With 
other ?mbrial proteins are also speci?cally contemplated. 
The antibodies of the subject invention can be prepared 
using standard materials and methods knoWn in the art (see, 
for example, Monoclonal Antibodies: Principles and 
Practice, 1983; Monoclonal Hybridoma Antibodies." Tech 
niques andApplications, 1982; Selected Methods in Cellular 
Immunology, 1980; Immunological Methods, Vol. II, 1981; 
Practical Immunology, and Kohler et al. [1975] Nature 
2561495). The antibodies of the subject invention are useful 
in assays for the identi?cation of organisms expressing 
?mbrial proteins (serotyping), diagnosis of animals infected 
by organisms expressing ?mbrial proteins, and treating 
animals infected by organisms Which express ?mbrial pro 
teins. 
The term “antibody” is used in the broadest sense and 

speci?cally covers monoclonal antibodies (including full 
length monoclonal antibodies), polyclonal antibodies, mul 
tispeci?c antibodies (e.g., bispeci?c antibodies), and anti 
body fragments so long as they exhibit the desired biological 
activity, particularly neutraliZing activity. “Antibody frag 
ments” comprise a portion of a fall length antibody, gener 
ally the antigen binding or variable region thereof. Examples 
of antibody fragments include Fab, Fab‘, F(ab‘)2, and Fv 
fragments; diabodies; linear antibodies; single-chain anti 
body molecules; and multispeci?c antibodies formed from 
antibody fragments. 
The term “monoclonal antibody” as used herein refers to 

an antibody obtained from a population of substantially 
homogeneous antibodies, i.e., the individual antibodies 
comprising the population are identical except for possible 
naturally occurring mutations that may be present in minor 
amounts. Monoclonal antibodies are highly speci?c, being 
directed against a single antigenic site. Furthermore, in 
contrast to conventional (polyclonal) antibody preparations 
Which typically include different antibodies directed against 
different determinants (epitopes), each monoclonal antibody 
is directed against a single determinant on the antigen. The 
modi?er “monoclonal” indicates the character of the anti 
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body as being obtained from a substantially homogeneous 
population of antibodies, and is not to be construed as 
requiring production of the antibody by any particular 
method. For example, the monoclonal antibodies to be used 
in accordance With the present invention may be made by the 
hybridoma method ?rst described by Kohler et al. [1975] 
Nature 256: 495, or may be made by recombinant DNA 
methods (see, e.g., U.S. Pat. No. 4,816,567). The “mono 
clonal antibodies” may also be isolated from phage antibody 
libraries using the techniques described in Clackson et al. 
[1991] Nature 352: 624—628 and Marks et al. [1991] J. Mol. 
Biol. 222: 581—597, for example. 

The monoclonal antibodies herein speci?cally include 
“chimeric” antibodies (immunoglobulins) in Which a portion 
of the heavy and/or light chain is identical With or homolo 
gous to corresponding sequences in antibodies derived from 
a particular species or belonging to a particular antibody 
class or subclass, While the remainder of the chain(s) is 
identical With or homologous to corresponding sequences in 
antibodies derived from another species or belonging to 
another antibody class or subclass, as Well as fragments of 
such antibodies, so long as they exhibit the desired biologi 
cal activity (US. Pat. No. 4,816,567; and Morrison et al. 
[1984] Proc. Natl. Acad Sci. USA 81: 6851—6855). 

“Single-chain Fv” or “sFv” antibody fragments comprise 
the VH and VL domains of an antibody, Wherein these 
domains are present in a single polypeptide chain. Generally, 
the Fv polypeptide further comprises a polypeptide linker 
betWeen the VH and VL domains Which enables the sFv to 
form the desired structure for antigen binding. For a revieW 
of sFv see Pluckthun in The Pharmacology of Monoclonal 
Antibodies [1994] Vol. 113:269—315, Rosenburg and Moore 
eds. Springer-Verlag, NeW York. 

The term “diabodies” refers to small antibody fragments 
With tWo antigen-binding sites, Which fragments comprise a 
heavy chain variable domain (VH) connected to a light chain 
variable domain (VL) in the same polypeptide chain (VH 
VL). Diabodies are described more fully in, for example, EP 
404,097; WO 93/11161; and Hollinger et al. [1993] Proc. 
Natl. Acad. Sci. USA 90: 6444—6448. 

The term “linear antibodies” refers to the antibodies 
described in Zapata et al. [1995] Protein Eng. 
8(10):1057—1062. 
An “isolated” antibody is one Which has been identi?ed 

and separated and/or recovered from a component of its 
natural environment. Contaminant components of its natural 
environment are materials Which Would interfere With diag 
nostic or therapeutic uses for the antibody, and may include 
enZymes, hormones, and other proteinaceous or nonpro 
teinaceous solutes. In preferred embodiments, the antibody 
Will be puri?ed (1) to greater than 95% by Weight of 
antibody as determined by the LoWry method, and most 
preferably more than 99% by Weight, (2) to a degree 
sufficient to obtain at least 15 residues of N-terminal or 
internal amino acid sequence by use of a spinning cup 
sequenator, or (3) to homogeneity by SDS-PAGE under 
reducing or nonreducing conditions using Coomassie blue 
or, preferably, silver stain. Isolated antibody includes the 
antibody in situ Within recombinant cells since at least one 
component of the antibody’s natural environment Will not be 
present. Ordinarily, hoWever, isolated antibody Will be pre 
pared by at least one puri?cation step. 

“Treatment” refers to both therapeutic treatment and 
prophylactic or preventative measures. Those in need of 
treatment include those already infected by organisms to 
Which antibodies of this invention speci?cally immunoreact 
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8 
as Well as those in Which the infection is to be prevented. 
“Treatment” includes the use of antibodies linked to cyto 
toxic or chemotherapeutic agents by chemical or genetic 
means. 

Antibodies of this invention may be chemically or geneti 
cally linked to cytotoxic or chemotherapeutic agents accord 
ing to methods Well knoWn in the art (see for example the 
Pierce Catalog and Handbook) for the construction of 
immuntherapeutic agents. Numerous patents teach geneti 
cally constructed immunotoxins. These immunotherapeutic 
agents are useful for the treatment of animals infected by 
organisms expressing ?mbrial proteins With Which the anti 
bodies of the invention speci?cally immunoreact. 

Antibodies of the invention may also be chemically linked 
to labels and used in serotyping or diagnostic assays knoWn 
in the art for the detection of organisms expressing ?mbrial 
proteins With Which antibodies of this invention speci?cally 
immunoreact. 
The term “cytotoxic agent” as used herein refers to a 

substance that inhibits or prevents the function of cells 
and/or causes destruction of cells. The term is intended to 
include radioactive isotopes (e.g., I131, I125, Y90 and Re186), 
chemotherapeutic agents, and toxins such as enZymatically 
active toxins of bacterial, fungal, plant or animal origin, or 
fragments thereof. 
A “chemotherapeutic agent” is a chemical compound 

useful in the treatment of Gram negative bacterial infections, 
such as antibiotics, toxins, and combinations thereof. 
Examples of chemotherapeutic agents include antibiotic 
classes useful against Gram negative organisms. These 
include, and are not limited to, penicillins, aminoglycosides, 
cephalosporins, tetracyclines, vancomycins, 
chloramphenicol, erythromycins, clindamycin, lincomycin, 
polymixins, bacitracin, trimethoprim, sulfamethoxaZole, 
and sulfonamids and derivatives thereof. 
The term “prodrug” as used in this application refers to a 

precursor or derivative form of a pharmaceutically active 
substance that is less cytotoxic to bacterial cells compared to 
the parent drug and is capable of being enZymatically 
activated or converted into the more active parent form. 
The Word “label” When used herein refers to a detectable 

compound or composition Which is conjugated directly or 
indirectly to the antibody. The label may itself be detectable 
by itself (e.g., radioisotope labels, labels detectable by 
NMR, or ?uorescent labels) or, in the case of an enZymatic 
label, may catalyZe chemical alteration of a substrate com 
pound or composition Which is detectable. The “label” may 
be linked to the antibody through a ligand and its receptor, 
for example avidin and biotin, such as those described in 
US. Pat. No. 5,608,060 hereby incorporated by reference in 
its entirety. 
The subject invention also concerns oligonucleotide prim 

ers and probes that can hybridiZe to a polynucleotide of the 
subject invention. The oligonucleotide primers and probes 
can be used to detect or identify ?m N sequences or 
sequences related to ?m N. 
As those of ordinary skill in the art Will appreciate, any of 

a number of different nucleotide sequences can be used, 
based on the degeneracy of the genetic code, to produce the 
?mbrial proteins described herein. Accordingly, any nucle 
otide sequence Which encodes the ?mbrial proteins 
described herein comes Within the scope of this invention 
and the claims appended hereto. Also, as described herein, 
fragments of the ?mbrial proteins are an aspect of the subject 
invention so long as such fragments retain substantially the 
same biological activity as full length protein. Such frag 
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ments can easily and routinely be produced by techniques 
Well known in the art. For example, time-controlled Bal31 
exonuclease digestion of the full-length DNA followed by 
expression of the resulting fragments and routine screening 
methods can be used to readily identify expression products 
having the desired activity (Wei et al., 1983). 
As used herein, the terms “nucleic acid” and “polynucle 

otide sequence” refer to a deoxyribonucleotide or ribonucle 
otide polymer in either single- or double-stranded form, and 
unless otherWise limited, Would encompass knoWn analogs 
of natural nucleotides that can function in a similar manner 
as naturally-occurring nucleotides. The polynucleotide 
sequences include both the DNA strand sequence that is 
transcribed into RNA and the RNA sequence that is trans 
lated into protein. The polynucleotide sequences include 
both full-length sequences as Well as shorter sequences 
derived from the full-length sequences. It is understood that 
a particular polynucleotide sequence includes the degenerate 
codons of the native sequence or sequences Which may be 
introduced to provide codon preference in a speci?c host 
cell. Allelic variations of the exempli?ed sequences also 
come Within the scope of the subject invention. The poly 
nucleotide sequences falling Within the scope of the subject 
invention further include sequences Which speci?cally 
hybridiZe With the exempli?ed sequences. The polynucle 
otide includes both the sense and antisense strands as either 
individual strands or in the duplex. 

The polynucleotide sequences may also be used to isolate 
full length clones of genes Which encode other ?mbrial 
proteins similar to those Which are speci?cally exempli?ed 
herein. The subject invention provides unique polynucle 
otides Which have been identi?ed as novel ?brial genes. The 
invention also comprises polynucleotides Which are comple 
mentary to the disclosed polynucleotide sequences. 

Also contemplated in this invention is the use of oligo 
mers from these sequences in a kit Which can be used to 
identify a gene encoding a ?mbrial protein. The invention 
also provides detection systems for genes encoding ?mbrial 
proteins in other procaryotic organisms. 

“Probes” are nucleic acid sequences of variable length, 
preferably betWeen at least about 10 and as many as about 
6,000 nucleotides, depending on use. They are used in the 
detection of identical, similar, or complementary nucleic 
acid sequences. Longer length probes are usually obtained 
from a natural or recombinant source, are highly speci?c and 
much sloWer to hybridiZe than oligomers. They may be 
single- or double-stranded and carefully designed to have 
speci?city in PCR, hybridiZation membrane-based,or 
ELISA-like technologies. 

“Reporter” molecules are chemical moieties used for 
labelling a nucleic or amino acid sequence. They include, 
but are not limited to, radionuclides, enZymes, ?uorescent, 
chemi-luminescent, or chromogenic agents. Reporter mol 
ecules associate With, establish the presence of, and may 
alloW quanti?cation of a particular nucleic or amino acid 
sequence. 

A“portion” or “fragment” of a polynucleotide or nucleic 
acid comprises all or any part of the nucleotide sequence 
having feWer nucleotides than about 6 kb, preferably feWer 
than about 1 kb Which can be used as a probe. Such probes 
may be labelled With reporter molecules using nick 
translation, KlenoW ?ll-in reaction, PCR or other methods 
Well knoWn in the art. After pretesting to optimiZe reaction 
conditions and to eliminate false positives, nucleic acid 
probes may be used in Southern, northern or in situ hybrid 
iZations to determine Whether DNA or RNA encoding the 
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10 
protein is present in a biological sample, cell type, tissue, 
organ or organism. 

“Linkers” are synthesiZed palindromic nucleotide 
sequences Which create internal restriction endonuclease 
sites for ease of cloning the genetic material of choice into 
various vectors. “Polylinkers” are engineered to include 
multiple restriction enZyme sites and provide for the use of 
both those enZymes Which leave 5‘ and 3‘ overhangs such as 
BamHI, EcoRI, PstI, KpnI and Hind III or Which provide a 
blunt end such as EcoRV, SnaBI and StuI. 

“Control elements” or “regulatory sequences” are those 
nontranslated regions of the gene or DNA such as enhancers, 
promoters, introns and 3‘ untranslated regions Which interact 
With cellular proteins to carry out replication, transcription, 
and translation. They may occur as boundary sequences or 
even split the gene. They function at the molecular level and 
along With regulatory genes are very important in 
development, groWth, differentiation and aging processes. 

“Chimeric” molecules are polynucleotides or polypep 
tides Which are created by combining one or more of 
nucleotide sequences of this invention (or their parts) With 
additional nucleic acid sequence(s). Such combined 
sequences may be introduced into an appropriate vector and 
expressed to give rise to a chimeric polypeptide Which may 
be expected to be different from the native molecule in one 
or more of the folloWing characteristics: cellular location, 
distribution, ligand-binding affinities, interchain af?nities, 
degradation/turnover rate, signaling, etc. 

“Active” is that state Which is capable of being useful or 
of carrying out some role. It speci?cally refers to those 
forms, fragments, or domains of an amino acid sequence 
Which display the biologic and/or immunogenic activity 
characteristic of the naturally occurring peptide, 
polypeptide, or protein. 

“Naturally occurring” refers to a polypeptide produced by 
cells Which have not been genetically engineered or Which 
have been genetically engineered to produce the same 
sequence as that naturally produced. Speci?cally contem 
plated are various polypeptides Which arise from post 
transnational modi?cations. Such modi?cations of the 
polypeptide include but are not limited to acetylation, 
carboxylation, glycosylation, phosphorylation, lipidation 
and acylation. 

“Derivative” refers to those polypeptides Which have been 
chemically modi?ed by such techniques as ubiquitination, 
labelling (see above), pegylation (derivatiZation With poly 
ethylene glycol), and chemical insertion or substitution of 
amino acids such as ornithine Which do not normally occur 
in proteins. 

“Recombinant polypeptide variant” refers to any polypep 
tide Which differs from naturally occurring peptide, 
polypeptide, or protein by amino acid insertions, deletions 
and/or substitutions, created using recombinant DNA tech 
niques. Guidance in determining Which amino acid residues 
may be replaced, added or deleted Without abolishing char 
acteristics of interest may be found by comparing the 
sequence of the peptide, polypeptide, or protein With that of 
related polypeptides and minimiZing the number of amino 
acid sequence changes made in highly conserved regions. 
Amino acid “substitutions” are de?ned as one for one 

amino acid replacements. They are conservative in nature 
When the substituted amino acid has similar structural and/or 
chemical properties. Examples of conservative replacements 
are substitution of a leucine With an isoleucine or valine, an 
aspartate With a glutamate, or a threonine With a serine. 

Amino acid “insertions” or “deletions” are changes to or 
Within an amino acid sequence. They typically fall in the 
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range of about 1 to 5 amino acids. The variation allowed in 
a particular amino acid sequence may be experimentally 
determined by producing the peptide synthetically or by 
systematically making insertions, deletions, or substitutions 
of nucleotides in the sequence using recombinant DNA 
techniques. 
A “signal or leader sequence” is a short amino acid 

sequence Which or can be used, When desired, to direct the 
polypeptide through a membrane of a cell. Such a sequence 
may be naturally present on the polypeptides of the present 
invention or provided from heterologous sources by recom 
binant DNA techniques. Such sequences include nuclear 
localiZation sequences (NLS) knoWn in the art. 

“Animal” as used herein may be de?ned to include 
human, domestic (cats, dogs, etc.), agricultural (coWs, 
horses, sheep, goats, chicken, ?sh, etc.) or test species 
(frogs, mice, rats, rabbits, simians, etc.). 

Since the list of technical and scienti?c terms cannot be all 
encompassing, any unde?ned terms shall be construed to 
have the same meaning as is commonly understood by one 
of skill in the art to Which this invention belongs. 
Furthermore, the singular forms “a”, “an” and “the” include 
plural referents unless the context clearly dictates otherWise. 
For example, reference to a “restriction enZyme” or a “high 
?delity enZyme” may include mixtures of such enZymes and 
any other enZymes ?tting the stated criteria, or reference to 
the method includes reference to one or more methods for 
obtaining cDNA sequences Which Will be knoWn to those 
skilled in the art or Will become knoWn to them upon reading 
this speci?cation. 

Before the present sequences, variants, formulations and 
methods for making and using the invention are described, 
it is to be understood that the invention is not to be limited 
only to the particular sequences, variants, formulations or 
methods described. The sequences, variants, formulations 
and methodologies may vary, and the terminology used 
herein is for the purpose of describing particular embodi 
ments. The terminology and de?nitions are not intended to 
be limiting since the scope of protection Will ultimately 
depend upon the claims. 

Puri?ed nucleotide sequences of this invention have 
numerous applications in techniques knoWn to those skilled 
in the art of molecular biology. These techniques include 
their use as hybridiZation probes, for chromosome and gene 
mapping, in PCR technologies, in the production of sense or 
antisense nucleic acids. These examples are Well knoWn and 
are not intended to be limiting. Furthermore, the nucleotide 
sequences disclosed herein may be used in molecular biol 
ogy techniques that have not yet been developed, provided 
the neW techniques rely on properties of nucleotide 
sequences that are currently knoWn, including but not lim 
ited to such properties as the triplet genetic code and speci?c 
base pair interactions. 
As a result of the degeneracy of the genetic code, a 

multitude of nucleotide sequences may be produced Which 
are based upon the disclosed peptide, polypeptide, or protein 
encoding nucleotide sequences. Some of these Will bear only 
minimal homology to the sequence disclosed herein; hoW 
ever his invention has speci?cally contemplated each and 
every possible variation of nucleotide sequence that could be 
made by selecting combinations based on possible codon 
choices. These combinations are made in accordance With 
the standard triplet genetic code as applied to the nucleotide 
sequence of naturally occurring peptide, polypeptide, or 
protein, and all such variations are to be considered as being 
speci?cally disclosed. 
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Although the peptide, polypeptide, or protein-encoding 

nucleotide sequences and their derivatives or variants are 
preferably capable of identifying the nucleotide sequence of 
the naturally occurring peptide, polypeptide, or protein 
under optimiZed conditions, it may be advantageous to 
produce peptide, polypeptide, or protein-encoding nucle 
otide sequences possessing a substantially different codon 
usage. Codons can be selected to increase the rate at Which 
expression of the peptide occurs in a particular prokaryotic 
or eukaryotic expression host in accordance With the fre 
quency With Which particular codons are utiliZed by the host. 
Other reasons for substantially altering the nucleotide 
sequence Without altering the encoded amino acid sequence 
include the production of RNA transcripts having more 
desirable properties, such as a longer half-life, than tran 
scripts produced from the naturally occurring sequence. 

Nucleotide sequences encoding a peptide, polypeptide, or 
protein may be joined to a variety of other nucleotide 
sequences by means of Well established recombinant DNA 
techniques (Sambrook, J. et al. [1989] Molecular Cloning: A 
Laboratory Manual, Cold Spring Harbor Laboratory, Cold 
Spring Harbor, NY; or Ausubel, F. M. et al. [1989] Current 
Protocols in Molecular Biology, John Wiley & Sons, NeW 
York City). Useful sequences include an assortment of 
cloning vectors such as plasmids, cosmids, lambda phage 
derivatives, phagemids, and the like. Vectors of interest 
include vectors for replication, expression, probe generation, 
sequencing, and the like. In general, vectors of interest may 
contain an origin of replication functional in at least one 
organism, convenient restriction endonuclease sensitive 
sites, and selectable markers for one or more host cell 
systems. 
PCR as described in US. Pat. Nos. 4,683,195; 4,800,195; 

and 4,965,188 (hereby incorporated by reference in their 
entireties) provides additional uses for oligonucleotides 
based upon the peptide, polypeptide, or protein nucleotide 
sequences. Such oligomers are generally chemically 
synthesiZed, but they may be of recombinant origin or a 
mixture of both. Oligomers generally comprise tWo nucle 
otide sequences, one With sense orientation (5‘ to 3‘) and one 
With antisense (3‘ to 5‘) employed under optimiZed condi 
tions for identi?cation of a speci?c gene or diagnostic use. 
The same tWo oligomers, nested sets of oligomers, or even 
a degenerate pool of oligomers may be employed under less 
stringent conditions for identi?cation and/or quantitation of 
closely related DNA or RNA sequences. Full length genes 
may be cloned utiliZing partial nucleotide sequence and 
various methods knoWn in the art. Gobinda et al. (Gobinda 
et al. [1993] PCR Methods Applic 2:318—22) disclose 
“restriction-site PCR” as a direct method Which uses uni 
versal primers to retrieve unknoWn sequence adjacent to a 
knoWn locus. First, genomic DNA is ampli?ed in the pres 
ence of primer to linker and a primer speci?c to the knoWn 
region. The ampli?ed sequences are subjected to a second 
round of PCR With the same linker primer and another 
speci?c primer internal to the ?rst one. Products of each 
round of PCR are transcribed With an appropriate RNA 
polymerase and sequenced using reverse transcriptase. 

Inverse PCR is the ?rst method to report successful 
acquisition of unknoWn sequences starting With primers 
based on a knoWn region (Triglia, T. et al. [1988] Nucleic 
Acids Res 16:8186). The method uses several restriction 
enZymes to generate a suitable fragment in the knoWn region 
of a gene. The fragment is then circulariZed by intramolecu 
lar ligation and used as a PCR template. Divergent primers 
are designed from the knoWn region. The multiple rounds of 
restriction enZyme digestions and ligations that are neces 
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sary prior to PCR make the procedure sloW and expensive 
(Gobinda et al., supra). 

Capture PCR (Lagerstrom M. et al. [1991] PCR Methods 
Applic 1:111—19) is a method for PCR ampli?cation of DNA 
fragments adjacent to a knoWn sequence in human and YAC 
DNA. This procedure is also useful, and generally 
applicable, in ampli?cation of adjacent sequences surround 
ing knoWn sequences in DNA originating from other 
animals, plants, and procaryotes. As noted by Gobinda et al., 
supra, capture PCR also requires multiple restriction enZyme 
digestions and ligations to place an engineered double 
stranded sequence into an unknoWn portion of the DNA 
molecule before PCR. Although the restriction and ligation 
reactions are carried out simultaneously, the requirements 
for extension, immobiliZation and tWo rounds of PCR and 
puri?cation prior to sequencing render the method cumber 
some and time consuming. 

Parker, J. D. et al. (1991; NucleicAcia's Res 19:3055—60), 
teach Walking PCR, a method for targeted gene Walking 
Which permits retrieval of unknoWn sequences. PROMOT 
ERFINDER is a kit available from Clontech Laboratories, 
Inc. (Palo Alto, Calif.) Which uses PCR and primers derived 
from p53 to Walk in genomic DNA. Nested primers and 
special PROMOTERFINDER libraries are used to detect 
upstream sequences such as promoters and regulatory ele 
ments. This process avoids the need to screen libraries and 
is useful in ?nding intron/exon junctions. 
CLONTECH PCR-SELECT cDNA Subtraction 

(Clontech Laboratories, Inc., Palo Alto, Calif.) is yet another 
means by Which differentially expressed genes may be 
isolated. The procedure alloWs for the isolation of transcripts 
present in one mRNA population Which is absent, or found 
in reduced numbers, in a second population of mRNA. Rare 
transcripts may be enriched 1000-fold. 
A method for analyZing either the siZe or the nucleotide 

sequence of PCR products is capillary electrophoresis. Sys 
tems for rapid sequencing are available from Perkin Elmer 
(Foster City Calif.), Beckman Instruments (Fullerton, 
Calif.), and other companies. Capillary sequencing employs 
?oWable polymers for electrophoretic separation, four dif 
ferent ?uorescent dyes (one for each nucleotide) Which are 
laser activated, and detection of the emitted Wavelengths by 
a charge coupled devise camera. Output/light intensity is 
converted to electrical signal using appropriate softWare 
(e.g., GENOTYPER and SEQUENCE NAVIGATORS from 
Perkin Elmer) and the entire process from loading of 
samples to computer analysis and electronic data display is 
computer controlled. Capillary electrophoresis provides 
greater resolution and is many times faster than standard gel 
based procedures. It is particularly suited to the sequencing 
of small pieces of DNA Which might be present in limited 
amounts in a particular sample. The reproducible sequenc 
ing of up to 350 bp of M13 phage DNA in 30 min has been 
reported (RuiZ-MartineZ, M. C. et al. [1993] Anal Chem 
65:2851—8). 

The terms “hybridize” or “hybridizing” refer to the bind 
ing of tWo single-stranded nucleic acids via complementary 
base pairing. The phrase “hybridiZing speci?cally to” refers 
to binding, duplexing, or hybridiZing of a molecule to a 
nucleotide sequence under stringent conditions When that 
sequence is present in a preparation of total cellular DNA or 
RNA. 

In addition to polynucleotide sequences speci?cally 
exempli?ed herein, the present invention also concerns 
polynucleotide sequences that hybridiZe to the subject 
sequences. Preferably, the sequences hybridiZe under strin 
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gent hybridiZation conditions. The term “stringent condi 
tions” refers to conditions under Which a polynucleotide 
molecule Will hybridiZe to another sequence, but not to 
sequences having little or no homology to the polynucle 
otide. Generally, stringent conditions are selected to be 
about 5° C. loWer than the thermal melting point (Tm) for 
the speci?c sequence at a de?ned ionic strength and pH. The 
Tm is the temperature (under de?ned ionic strength and pH) 
at Which 50% of the target sequence hybridiZes to a comple 
mentary probe. Typically, stringent conditions Will be those 
in Which the salt concentration is at least about 0.1 to 1.0 N 
Na ion concentration at a pH of about 7.0 to 7.5 and the 
temperature is at least about 60° C. for long sequences (e.g., 
greater than about 50 nucleotides) and at least about 42° C. 
for shorter sequences (e.g., about 10 to 50 nucleotides). 
The ?m N polynucleotides, ?m N polypeptides, ?m N 

proteins, and fragments of ?m N polynucleotides, 
polypeptides, proteins also encompass variant sequences 
containing mutations in the exempli?ed sequences; 
hoWever, the variant ?m N polynucleotides and ?m N 
polypeptides, ?m N proteins, and fragments of ?m N must 
also increase the binding of attachment-de?cient B. bron 
chiseptica to epithelial cells When expressed in said 
attachment-de?cient cells. The mutations in nucleotide or 
amino acid sequences of the polynucleotides and polypep 
tides of the invention, respectively, can include, for example, 
nucleotide or amino acid substitutions, insertions, and dele 
tions as long as the variant sequence has substantial 
sequence identity With an exempli?ed sequence of the 
present invention. Preferably, this sequence identity is 
greater than about 75%; more preferably, the sequence 
identity is greater than about 90%; and, most preferably, the 
sequence identity is greater than about 95%. Aperson skilled 
in the pertinent art can readily prepare and use variant 
polynucleotide sequences and polypeptide sequences of the 
present invention. As used herein, the term “sequence iden 
tity” refers to the homology betWeen tWo distinct sequences 
as determined using, for example, the GCG FASTA softWare 
program (University of Wisconsin). 

All patents, patent applications, provisional applications, 
and publications referred to or cited herein are incorporated 
by reference in their entirety to the extent they are not 
inconsistent With the explicit teachings of this speci?cation. 

FolloWing are examples Which illustrate procedures for 
practicing the invention. These examples should not be 
construed as limiting. All percentages are by Weight and all 
solvent mixture proportions are by volume unless otherWise 
noted. 

EXAMPLE 1 
Identi?cation of ?m N 
The origin of the B.br0nchiseptica strains has been pre 

viously described (Burns, E. H. Jr., J. M. Norman, M. D. 
Hatcher and D. A. Bemis [1993] J. Clin. Microbiol. 31: 
1838—1844). Bordetella Were groWn in Brucella Broth, 
Brucella Agar (Difco) or Bordet-Gengou (BG) Agar pre 
pared from BG base (BBL) With 15% horse blood. All 
strains Were groWn for 48 hours at 37° C. Escherichia coli 
Were groWn in LB Agar (Miller formulation) or broth 
(Difco) containing 50 pig/ml Ap or 15 pig/ml Tc for selection 
of bacteria carrying pBluescript based or pLAFR1 based 
plasmids, respectively. 

The ?m N gene Was identi?ed in a cosmid produced from 
B. bronchiseptica genomic DNA that restored adherence to 
an adhesion de?cient B. bronchiseptica isolate (Burns 
[1995] supra). The presence of a ?mbrial gene Within the 
cosmid Was predicted by hybridiZation With oligonucleotide 
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probes representing highly conserved regions common to 
previously sequenced ?mbrial genes. These probes Were 
used to prepare a restriction map identifying the location of 
the ?mbrial gene Within the cosmid. 

EXAMPLE 2 
FimN Sequencing and Expression (Cosmid Gene) 

Direct sequencing from cosmid DNA Was used to deter 
mine the entire sequence of the putative protein coding 
region of the ?m N gene and a portion of the promoter 
region. PCR generated amplicons used for subcloning Were 
sequenced to ensure that they contained DNA identical to 
the gene identi?ed in the cosmid. DNA sequencing Was 
performed using an Applied Biosystems 373A automated 
sequencer. 

The protein coding portion of the gene Was produced as 
a PCR amplicon With restriction enZyme sites engineered at 
each end to facilitate cloning, in frame, in a bacterial 
expression vector. Restriction endonuclease fragments, 
products of HindlIl and Sall digests, Were isolated from 
agarose gels using a QiaQuick Kit (Qiagen, Inc.). These 
fragments Were cloned into pMAL expression vector (NeW 
England BioLabs) designed to produce fusion proteins With 
maltose binding protein. Transformation of competent 
Escherichia coli With recombinant plasmid DNA Was car 
ried out using Top 10F‘ One Shot cells (Invitrogen). 

EXAMPLE 3 
DNA Isolation and Characterization (Chromosomal Gene) 

Chromosomal DNA Was isolated from Brucella broth 
culture of B. bronchiseptica strain 110H using the method of 
Meade at al. (Meade, H. M., S. R. Long, G. B. Ruvkun, S. 
E. BroWn, and F. M. Ausubel [1982] J. Bacteriol. 
149:114—122). It Was partially digested With EcoRI and 
25—30 kb fragments Were isolated on a 10—40% sucrose 

gradient (Maniatis, T., E. F. Fritch, and J. Sanbrook [1982] 
Molecular cloning: a laboratory manual. Cold Spring 
Harbor, NY: Cold Spring Harbor Laboratory). These frag 
ments Were ligated to EcoRI-digested, calf intestinal phos 
phatase treated (Maniatis et al. [1982] supra) pLAFR1 DNA 
(Friedman, A. M., S. R. Long, S. E. BroWn, W. J. 
Buikerman, and F. M. Ausebel [1982] Gene 18:289—296) 
and transformed into E.c0li DH-1. The transformation reac 
tion Was plated on LB agar containing 15 pig/ml tetracycline 
to select for bacteria containing the cosmid pLAFR1. The 
library Was probed via colony blot With a digoxigenin 
labeled oligo (GAY GAY GGC ACC ATC GTC ATC ACC 
GGC AC [SEQ ID NO:18]), designed by Mooi et al. (1987) 
to correspond to the nt sequence encoding the ?rst ten 
N-terminal aa acids of the Bordetella pertussis serotype 2 
?mbrial subunit. 

Colonies Which carried plasmids that hybridiZed With this 
probe Were selected and plasmid DNA Was isolated. The 
reactive plasmids included pGB710, With a 25 kb insert, and 
pGB84, containing a 20 kb insert. pGB84 Was digested With 
EcoRI and a 4.5 kb fragment Was subcloned into pBluescript 
and designated pBS84. A BamHI fragment from pBS84 Was 
subsequently cloned into the BamHI site in pCRII 
(Invitrogen) and designated pCR2bam. DNA corresponding 
to an ORF of a putative ?mbrial protein Was ampli?ed by 
PCR using primers containing restriction enZyme sites to 
facilitate cloning. The forWard and reverse primers Were, 
respectively, 
5‘-GGGAATTCACGNFCGTGATCACCGGCA-3‘ (SEQ ID 
NO:19) and 5‘-GGCTCGAGGATTATCCTTATCAAGCC 
3‘(SEQ ID NO:20). A 30 cycle program consisted of dena 
turing at 95° C. for 1.5 minutes, annealing at 50° C. for 30 
seconds, and extension at 72° C. for one minute. This Was 
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folloWed in the last cycle by ?ve minutes of extension at 72° 
C. The PCR products Were resolved by electrophoresis on 
1.25% agarose gels containing EtdBr. Gels Were vieWed and 
photographed under ultraviolet light. The PCR products 
Were digested With EcoRI and XhoI and cloned into 
pPROEXHTa (GIBCO-BRL) vector for expression of the 
recombinant ?mbrial protein With a polyhistidine tag. The 
plasmid DNA and PCR fragments Were ligated and tans 
formed into E. coli BL-21 gold endA (Stratagene) (Maniatis 
et al., 1982). 

EXAMPLE 4 
DNA Sequencing and Analysis (Chromosomal Gene) 

All plasmid and cosmid DNA for sequencing Was isolated 
using Qiagen Plasmid Midi Kits according to the manufac 
turer’s instructions (Qiagen). Initial sequencing Was done 
With pCR2bam using M13 and T7 primers complementary 
to pCR2.1 or pCRII DNA ?anking B. bronchiseptica inserts. 
To obtain sequence information for the ORF 3‘ to this insert, 
direct sequencing Was done from pBS84 using primers 
designed from the 3‘ end of the pCR2bam sequence. The 
ORF and putative promoter region Were sequenced directly 
from pGB710 using primers designed from the pBS84 and 
pCR2bam derived sequences. B. bronchiseptica chromo 
somal DNA, isolated using the Easy-DNA kit (Invitrogen), 
Was ampli?ed by PCR as described above using 
5‘-GGAAGCTTGCCNFCACCAACTTATGTG-3‘ (SEQ ID 
N011) and 5‘-GGGAATTCGATTATCCTTATCAAGCCC 
3‘ (SEQ ID NO:2) as the forWard and reverse primers, 
respectively. Sequencing Was done With the Applied Bio 
systems dye terminator kit and Applied Biosystems 373 
DNA sequencer at the University of Tennessee Molecular 
Biology Core Facility. Analysis of DNA sequences Was done 
using Wisconsin Package Version 9.1, Genetics Computer 
Group (GCG). Pair-Wise comparisons of ?mN With other 
Bordetella bronchiseptica ?mbrial gene sequences Was done 
using the Gap program of the Genetics Computer Group 
(GCG) softWare package. Gap uses the alignment method of 
Needleman and Wunsch (J. Mol. Biol. [1970] 48:443—453). 
The Gap program considers all possible alignments and gap 
positions and creates the alignment With the largest number 
of matched bases and the feWest gaps. Our analysis Was 
done using a gap creation penalty of 50 and gap extension 
penalty of 3. 

B. bronchiseptica DNA obtained from plasmids pBS84 
and pGB710 and chromosomes from strains 110H and 
64-C-0406 (FIG. 4) contained the ?mN ORF predicted to 
encode a 209 aa protein The ?mN protein had signi?cant 
homology With B. bronchiseptica and B. pertussis ?mbrial 
subunits ?m2, ?m3 and ?mX (FIG. 5). FimN contained a 
stretch of cytosine residues ending at nt —60, similar in 
length to those of other ?mbrial genes expressed by Borde 
tella species (FIG. 6). The promoter region had a sequence 
motif corresponding to a previously identi?ed activator 
binding region, located upstream from the C-stretch, that 
closely resembles a similar region in ?m2,?m3, and ?mX 
(Riboli et al. [1991] supra) FIG. 6). DNA sequences corre 
sponding to ?mN Were obtained from B. bronchiseptica 
chromosomal DNA isolated from stain 110H, the strain from 
Which pBS84 and pGB710 Were derived, and an unrelated 
virulent strain 64-C-0406 (FIGS. 4 and 6). The chromo 
somal DNA sequences of ?mN matched exactly With the 
DNA sequence of plasmid derived ?mN except that both 
chromosomal DNAs contained tWo additional cytosine resi 
dues in their C-stretches (FIG. 6). BLAST analysis 
(Altschul, S. F., W. Gish, W. Miller, E. W. Myers, and D. J. 
Lipman [1990] J. Mol. Biol. 215:403—410) of the ?mN 
encoded protein sequence shoWed that, among all available 
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protein sequences, the predicted ?mN protein had greatest 
homology With ?mbrial proteins from B. bronchiseptica and 
B. pertussis. 

EXAMPLE 5 
Recombinant Protein Expression (Maltose Fusion Protein) 

Recombinants Were groWn overnight in LB-ampicillin 
containing 100 pig/ml ampicillin, inoculated into Rich Media 
(NeW England BioLabs) and incubated until an OD of 
A60O~0.5 Was achieved. Protein expression Was induced 
With IPTG for 2 Hours. Fimbrial proteins Were extracted 
from cells using a combination of sonication and B-PER 
Bacterial Protein extraction Reagent (Pierce). 

Fusion proteins Were isolated by af?nity chromatography 
using amylose coupled to agarose for pMAL. Samples Were 
eluted With maltose and serial fractions Were collected and 
the 280 nm OD. of the eluate Was monitored. Peak samples 
Were pooled and saved for further analysis. 

EXAMPLE 6 
Conjugation into B. bronchiseptica 

Plasmids Were transferred to B. bronchiseptica strains by 
tri-parental mating (Weiss, A. A. and S. FalkoW [1982] J. 
Bacteriol. 152:549—552) and B. bronchiseptica carrying 
pGB710 Was selected on Brucella agar With 15 pig/ml Tc and 
20 pig/ml furaltadone. Bacteria Were maintained on medium 
containing Tc only. 

EXAMPLE 7 
Expression of Recombinant FimN (Polyhistidine Fusion 
Protein) 

The PCR products described above Were digested With 
EcoRI and XhoI and cloned into pPROEXHTa (GIBCO 
BRL) vector for expression of the recombinant ?mbrial 
protein With a polyhistidine tag. Expression of recombinant 
?mN protein Was induced from cultured bacteria, trans 
formed With the plasmid, by the addition of IPTG to a ?nal 
concentration of 0.6 mM for a period of 2.5 hours. The 
recombinant fusion protein Was puri?ed under denaturing 
conditions according to the manufacturer’s protocol 
(Qiagen). The bacteria Were lysed With 8 mM urea buffer, 
pH 8.0 and the supernatant Was exposed to Ni—NTA resin, 
Washed tWo times With urea buffer, pH 6.3, and bound 
recombinant protein Was eluted With urea buffer, pH 5 .9. The 
sample Was dialyZed extensively With PBS, pH 7.0. Recom 
binant protein Was resolved by SDS-PAGE and stained With 
Coomassie blue (GelCode Blue Stain; Pierce). 
Fim N protein expressed from pPROEXHTa and isolated 

With Ni—NTA resin produced a band on polyacrylamide 
gels of approximately 26,500 daltons. This siZe Was consis 
tent With the 22,098 dalton value predicted from the 
sequence of the ?mN gene plus the addition of aa encoded 
by the expression vector. 

EXAMPLE 8 
Recombinant Protein Characterization (MBP Fusion 
Protein) 
SDS-PAGE Was performed in 10% acrylamide gels. The 

vector derived fusion moiety maltose binding protein (MBP) 
Was cleaved to separate it from ?m N protein using Factor 
Xa. Cleaved and uncleaved fusion proteins as Well as MBP 
standard Were run on gels for protein siZe comparison. 

Arecombinant chimeric protein Was produced to evaluate 
a vaccine based upon key virulence factors from tWo organ 
isms important in the respiratory disease of livestock. A 663 
bp fragment containing a neutraliZing epitope of Pasteurella 
hemolytica leukotoxin Was combined With a Bordetella 
bronchiseptica ?mbrial protein gene (?m N). The recombi 
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nant gene Was cloned in PGEX vector under the control of 
the TAC promoter and expressed in 72 Kd fusion protein 
Was affinity puri?ed using glutathione sepharose and evalu 
ated by SDS-PAGE, Western blots, and ELISA. A single 
band Was visible on coomassie stained polyacrylamide gels 
and Western blots probed With antibodies reactive With 
?mbrial protein and R hemolytica leukotoxin. Strong anti 
body reactivity Was obtained in ELISA assays When the 
recombinant protein antigen Was reacted With the same 
antibodies. ImmuniZation of rabbits and mice With the 
recombinant protein elicited a strong antibody response to 
both of the antigens. Serum leukotoxin neutraliZing activity 
Was signi?cantly higher in animals immuniZed With LTX 
FIM than With all other combinations of LTX recombinants 
and adjuvants tested. These results suggest that the recom 
binant protein is a good candidate for a respiratory disease 
vaccine, the components of Which, may have a synergistic 
effect in eliciting a protective immune response. 

EXAMPLE 9 
Vaccines 
The novel ?m N polypeptides described herein can be 

used advantageously in an immunogenic composition such 
as a vaccine. Such a composition, When administered to an 
animal or person, raises antibodies or other immune 
responses Which reduce the susceptibility of that animal or 
human to Bordetella infection. 

Vaccines comprising the ?m N polypeptides disclosed 
herein, and variants thereof having antigenic 
immunogenicproperties, can be prepared by procedures Well 
knoWn in the art. For example, such vaccines can be 
prepared as injectables, e. g., liquid solutions or suspensions. 
Solid forms for solution in, or suspension in, a liquid prior 
to injection also can be prepared. Optionally, the preparation 
also can be emulsi?ed. The active antigenic ingredient or 
ingredients can be mixed With excipients Which are phar 
maceutically acceptable and compatible With the active 
ingredient. Examples of suitable excipients are Water, saline, 
dextrose, glycerol, ethanol, or the like, and combinations 
thereof. In addition, if desired, the vaccine can contain minor 
amounts of auxiliary substances such as Wetting or emulsi 
fying agents, pH buffering agents, or adjuvants such as 
aluminum hydroxide or muramyl dipeptide or variations 
thereof. Also, cholera toxin subunit B or other agents Which 
stimulate antibody production at mucosal sites can be used. 
In the case of peptides, coupling to larger molecules such as 
KLH or tetanus toxoid sometimes enhances immunogenic 
ity. The vaccines are conventionally administered 
parenterally, by injection, for example, either subcutane 
ously or intramuscularly. Additional formulations Which are 
suitable for other modes of administration include supposi 
tories and, in some cases, oral formulations. For 
suppositories, traditional binders and carriers include, for 
example, polyalkalene glycols or triglycerides. Supposito 
ries can be formed from mixtures containing the active 
ingredient in the range of about 0.5% to about 10%, pref 
erably about 1 to about 2%. Oral formulations can include 
such normally employed excipients as, for example, phar 
maceutical grades of mannitol, lactose, starch, magnesium 
stearate, sodium saccharine, cellulose, magnesium 
carbonate, and the like. These compositions can take the 
form of solutions, suspensions, tablets, pills, capsules, sus 
tained release formulations or poWders and contain from 
about 10% to about 95% of active ingredient, preferably 
from about 25% to about 70%. 
The compounds can be formulated into the vaccine as 

neutral or salt forms. Pharmaceutically acceptable salts 
include the acid addition salts (formed With the free amino 
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groups of the peptide) and Which are formed With inorganic 
acids such as, for example, hydrochloric or phosphoric 
acids, or such organic acids as acetic, oxalic, tartaric, 
mandelic, and the like. Salts formed With the free carboxyl 
groups can also be derived from inorganic bases such as, for 
example, sodium, potassium, ammonium, calcium, or ferric 
hydroxides, and such organic bases as isopropylamine, 
trimethylamine, 2-ethylamino ethanol, histidine, procaine, 
and the like. 

The vaccines are administered in a manner compatible 
With the dosage formulation, and in such amount as Will be 
therapeutically effective and immunogenic. The quantity to 
be administered can depend on the subject to be treated and 
the degree of protection desired. The ?m N polypeptides of 
the subject invention may be combined With carbohydrate 
antigenic components to enhance the immunogenic response 
and provide a broader range of protection. The combination 
may be, for example, through chemical coupling. Precise 
amounts of active ingredient required to be administered 
depend on the judgment of the practitioner and can be 
peculiar to each individual. HoWever, suitable dosage ranges 
are of the order of about several hundred micrograms active 
ingredient per individual. Suitable regimes for initial admin 
istration and booster shots are also variable, but are typi?ed 
by an initial administration folloWed in one or tWo Week 
intervals by a subsequent injection or other administration. 

Alternatively, the polynucleotides can be formulated into 
compositions useful for nucleic acid vaccinations. Nucleic 
acid vaccination has been shoWn to induce protective 
immune responses in non-viral systems and in diverse 
animal species (Special Conference Issue, WHO meeting on 
nucleic acid vaccines [1994] Vaccine 1211491). Nucleic acid 
vaccination has induced cytotoxic lymphocyte (CTL), 
T-helper 1, and antibody responses, and has been shoWn to 
be protective against disease (Ulmer, J ., J. Donelly, S. Parker 
et al. [1993] Science 25911745). For example, direct intra 
muscular injection of mice With DNAencoding the in?uenza 
nucleoprotein caused the production of high titer antibodies, 
nucleoprotein-speci?cCTLs, and protection against viral 
challenge. ImmuniZation of mice With plasmid DNA encod 
ing the Plasmodium yoelii circumsporoZoite protein induced 
high antibody titers against malaria sporoZoites and CTLs, 
and protection against challenge infection (Sedegah, M., R. 
Hedstrom, P. Hobart, S. Hoffman [1994] Proc. Natl. Acad. 
Sci. USA 9119866). Cattle immuniZed With plasmids encod 
ing bovine herpesvirus 1 (BHV-1) glycoprotein IV devel 
oped neutraliZing antibody and Were partially protected 
(Cox, G., T. Zamb, L. Babiuk [1993] J. Viral. 6715664). 

Compositions comprising the subject polynucleotides can 
include appropriate nucleic acid vaccine vectors (plasmids), 
Which are commercially available (e.g., Vical, San Diego, 
Calif.). The subject polynucleotides Which may be inserted 
into commercially available vectors may encode fragments 
or variants of the ?m N protein Which induce an immune 
response. In addition, the compositions can include a phar 
maceutically acceptable carrier, e.g., saline. The pharmaceu 
tically acceptable carriers are Well knoWn in the art and also 
are commercially available. For example, such acceptable 
carriers are described in E. W. Martin’s Remington’s Phar 
maceutical Science, Mack Publishing Company, Easton, Pa. 

In one embodiment of the subject invention, the poly 
nucleotide vaccines are administered in conjunction With an 
antigen. In a preferred embodiment, the antigen is the 
polypeptide Which is encoded by the polynucleotide admin 
istered as the polynucleotide vaccine (?m N). As a particu 
larly preferred embodiment, the antigen is administered as a 
booster subsequent to the initial administration of the poly 
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nucleotide vaccine. In another embodiment of the invention, 
the polynucleotide vaccine is administered in the form of a 
“cocktail” Which contains at least tWo of the polynucleotides 
of the subject invention. The “cocktail” may be administered 
in conjunction With an antigen or an antigen booster as 
described above. The polynucleotide vaccine compositions 
of the subject invention may also be administered alone. 

EXAMPLE 10 
ELISA With Recombinant ?mN 

Affinity puri?ed ?mN protein Was diluted in PBS to a 
concentration of 10 pig/ml and coated on Immulon2 micro 
titer plates (Dynex) by the addition of 100 ML per Well. After 
binding overnight at 4° C., unbound antigen Was removed by 
Washing three times With 150 nL of PBS containing 0.05% 
PBSTW. The plates Were then Washed and mAB reactive 
With Bordetella ?mbriae Were added, 100 ML into duplicate 
Wells, and incubated at 37° C. for 1 hour. The plates Were 
Washed and af?nity puri?ed, peroxidase conjugated anti 
mouse IgG Was added, 100 nL per Well, and incubated for 
1 hour at 37° C. The plates Were Washed and then received 
100 nL of 2,2‘-aZino-bis(2-ethylbenZthiaZoline-6-sulfonic 
acid) substrate dissolved in 0.05M phosphate-citrate buffer, 
pH 5.0. The optical density of the solution in each Well Was 
determined at 405 nm. Positive samples Were determined as 
those With optical densities greater than tWice the value of 
samples that did not receive mAb. 
mAB BpA5, BpA10, BpC4, and BpH2, produced against 

Bordetella ?m2 subunits, (Kindly provided by Michael J 
Brennan, Laboratory of Pertussis, Center for Biologics 
Evaluation and research, Bethesda, Md.) reacted With ?mN 
recombinant protein in ELISA assays. mAb CF8, reactive 
With ?m2 polymers, but not monomers (Burns et al. [1993] 
supra), did not react With ?mN recombinant protein. 

EXAMPLE 11 
Attachment Assay 

Attachment assays Were performed using African green 
monkey kidney cells (Vero). Vero cells Were groWn to 
con?uency in Dulbecco’s Modi?ed Eagle’s Medium 
(DMEM; CellGro, CellGenix) With 10% fetal bovine serum 
(FBS; CellGro). All media Were supplemented With 200 mM 
glutamine, 30 pig/ml methionine, 50 units/ml penicillin, 50 
pig/ml streptomycin, and 125 ng/ml amphotericin B. Con 
?uent cells Were detached from the tissue culture ?asks 
using 0.25% Trypsin/0.1% EDTA (CellGro) and split 114 
into 8 Well glass chamber slides (LabTek) With each Well 
receiving 200 pl of cells suspended in medium. Slides Were 
incubated overnight at 37° C. With 5% CO2. 

B. bronchiseptica strains Were groWn on BG agar for 3 
days. Domed hemolytic colonies Were selected and used to 
inoculate a Brucella agar plate Which Was groWn 24 hours. 
Colonies from this plate Were diluted in the appropriate cell 
culture medium to a 595 nm OD. of 0.1. 200 pl of the 
bacterial suspension Was added to each Well of the chamber 
slides containing the tissue culture cells. Cells With bacteria 
Were incubated for 1 hour at 37° C. With 5% CO2. After 
incubation, the slides Were Washed three times with Hanks 
Balanced Salt Solution to remove any non-adherent bacteria. 

Slides Were ?xed in 95% ethanol for 1 minute. The slides 
Were then stained With a 112 dilution of Gram’s Crystal 
Violet for 1 minute. For each Well, the number of bacteria 
attached to 50 cells Was determined microscopically. Assays 
Were performed in triplicate. 

In the attachment assays (FIG. 7) B.br0nchiseptica strain 
110H exhibited strong binding to Vero cells. Strain 110NH, 
a spontaneous, avirulent phase mutant of 110H, bound 
Weakly to Vero cells. B.br0nchiseptica R-5, another virulent 
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strain, attached at levels intermediate to those of 110H and 
110NH. Introduction of pGB710 into R-S resulted in 
increased attachment to Vero cells to levels comparable to 
those of 110H. Plasrnid pLAFRl vector alone, Without 
B. bronchiseptica ?rnbrial insert, had no effect on the binding 5 
properties of R-S. pGB710 did not alter the attachment 
properties of 110H or 110NH. The introduction of the 
cosrnid containing the ?rnN gene also reconstituted adher 
ence in R-S, an adherence de?cient strain expressing the 

22 
Bvg+ phenotype. Introduction of the cosrnid into a bvg 
mutant of B. bronchiseptica did not appear to resonstitute 
adherence. 

It should be understood that the examples and ernbodi 
rnents described herein are for illustrative purposes only and 
that various rnodi?cations or changes in light thereof Will be 
suggested to persons skilled in the art and are to be included 
Within the spirit and purvieW of this application and the 
scope of the appended claims. 

SEQUENCE LISTING 

<l60> NUMBER OF SEQ ID NOS: 2l 

<2 10> SEQ ID NO 1 
<2ll> LENGTH: 27 

<2 12> TYPE: DNA 

<213> ORGANISM: Bordetella bronohiseptioa 

<400> SEQUENCE: l 

ggaagottgo oatoaooaao ttatgtg 

SEQ ID NO 2 
LENGTH: 27 

TYPE: DNA 

ORGANISM: Bordetella bronohiseptioa 

<400> SEQUENCE: 2 

gggaattoga ttatoottat oaagooo 

SEQ ID NO 3 
LENGTH: 631 

TYPE: DNA 

ORGANISM: Bordetella bronohiseptioa 
FEATURE: 

NAME/KEY: CDS 
LOCATION: (1). . (630) 
OTHER INFORMATION: 

<400> SEQUENCE: 3 

atg aag oao ttt ogo 
Met Lys His Phe Arg 
1 5 

ogo 
Arg 

oao 

His 
ogt 
Arg 

otg 
Leu 

10 

otg 
Leu 

999 
Gly 

999 
Ala 

goo 
Ala 

oao 

His 
aoo 

Thr 
aao 

Asn 
ago 
Ser 

goa 
Ala 

ttg 
Leu 

otg 
Leu 

gto 
Val 
25 

99c 
Gly 
20 

goo oat 

Ala ' His 
goo 
Ala 

gao 
Asp 

ato 

Ile 
ato 

Ile 
aoo 

Thr 
35 

aao 

Asn 

gto 
Val 

aao 

Asn 

aoo 

Thr 
tgo 
Cys 

gto 
Val 
45 

99c 
Gly 

gao 
Asp 
40 

9619 
Glu 

oat 

His 
ato 

Ile 
aat 

Asn 
oog 
Pro 

oag 
Gln 

ooo 

Pro 

oao 

His 
aag 
Lys 
55 

otg 
Leu 

ooo 

Pro 
aag 
Lys 

oto 

Leu 
ago 
Ser 

65 

aoo 

Thr 
70 

gat 
Asp 

aoo 

Thr 
999 
Ala 

aag 
Lys 

aag 
Lys 

99c 
Gly 

goo 
Ala 

99c 
Gly 
75 

999 
Ala 

aog 
Thr 

aat 

Asn 

ato 

Ile 
aag 
Lys 

otg 
Leu 

oag 
Gln 

aao 

Asn 

85 

tgo 
Cys 

ooo 

Pro 
gaa 
Glu 

tog 
Ser 

otg 
Leu 

90 

99c 
Gly 

99c 
Gly 

tto 

Phe 
tao 

Tyr 
tao 

Tyr 
ooo 

Pro 

100 

aoo 

Thr 
aoo 

Thr 
aoo 

Thr 
99t 
Gly 

oog 
Pro 

gao 
Asp 
105 

ago 
Ser 

‘399 
Arg 

tao 

Tyr 
tao 

Tyr 
goo 
Ala 

aag 
Lys 
115 

otg 
Leu 

goo 
Ala 

aoo 

Thr 
goo 
Ala 
120 

aao ago 

Ser 

aog 
Thr 

aoo 

Thr 

aao 

Asn 

125 

Asn 

27 

27 

tgo otg goo 48 
Cys Leu Ala 

15 

ggo aog ato 96 
Gly Thr Ile 
30 

gtg gat oog 144 
Val Asp Pro 

ato tog aoa 192 

Ile Ser Thr 

oog ttt too 240 

Pro Phe Ser 
80 

gtg aag otg 288 
Val Lys Leu 

95 

gao otg aoo 336 
Asp Leu Thr 
110 

ago aao att 384 

Ser Asn Ile 
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gtt 
Val 

gat 
Asp 
145 

Arg 

gtc 
Val 

att 

Ile 

cct 

Pro 

gcc 
Ala 
130 

99c 
Gly 

99c 
Gly 

acc 

Thr 

tct 

Ser 

tag 

99c 
Gly 

acc 

Thr 

ttc 

Phe 

ttg 
Leu 

gca 
Ala 
195 

cag 
Gln 

cag 
Gln 

gat 
Asp 

cgc 
Arg 
180 

agc 
Ser 

SEQUENCE: 

Met Lys His Phe 
1 

Ser 

Val 

Pro 

Ser 

65 

Ile 

Tyr 

Ala 

Val 

Asp 
145 

Arg 

Val 

Ile 

Pro 

Ala 

Ile 

50 

Ala 

Lys 

Phe 

Tyr 

Ala 
130 

Gly 

Gly 

Thr 

Ser 

Leu 

Thr 
35 

Pro 

Leu 

Leu 

Glu 

Lys 
115 

Gly 

Thr 

Phe 

Leu 

Ala 
195 

Gly 
20 

Gly 

Asn 

Lys 

Gln 

Pro 

100 

Leu 

Gln 

Gln 

Asp 

Arg 
180 

Ser 

gtc 
Val 

att 

Ile 

ccg 
Pro 

165 

tat 

Tyr 

SEQ ID NO 4 
LENGTH: 

TYPE: 

ORGANISM: 

209 
PRT 

ccc 

Pro 

150 

gto 
Val 

ctg 
Leu 

ata 

Ile 

gaa 
Glu 
135 

atg 
Met 

gcc 
Ala 

acc 

Thr 

9951 
Gly 

99c 
Gly 

caa 

Gln 

gcc 
Ala 

act 

Thr 
200 

gaa 
Glu 

acc 

Thr 

tat 

Tyr 
185 

tac 

Tyr 

cag 
Gln 

aac 

Asn 

999 
Gly 
170 

gta 
Val 

atc 

Ile 

gcc 
Ala 
155 

caa 

Gln 

aag 
Lys 

99c 
Gly 

Bordetella bronchiseptica 

4 

Arg 

Leu 

Asn 

His 

Lys 

Asn 

85 

Gly 

Ala 

Val 

Ile 

Pro 

165 

Tyr 

Ala 

SEQ ID NO 5 
LENGTH: 

TYPE: 

ORGANISM: Bordetella bronchiseptica 
FEATURE: 

736 

DNA 

Arg 

His 

Ile 

Ile 

Thr 
70 

Cys 

Pro 

Tyr 

Ala 

Pro 

150 

Val 

Leu 

Ile 

His 

Thr 

Val 

Lys 
55 

Gly 

Pro 

Thr 

Thr 

Glu 
135 

Met 

Ala 

Ala 

Thr 

Arg 

Ala 

Asp 
40 

Val 

Asp 

Glu 

Thr 

Ala 
120 

Gly 

Gly 

Gln 

Ala 

Thr 
200 

Gly 

Val 
25 

Asn 

Val 

Thr 

Ser 

Asp 
105 

Asn 

Val 

Glu 

Thr 

Tyr 
185 

Tyr 

Leu 

10 

His 

Thr 

His 

Ala 

Leu 

90 

Tyr 

Ser 

Gln 

Asn 

Gly 
170 

Val 

Val 

Ala 

Ala 

Cys 

Leu 

Gly 
75 

Gly 

Ser 

Thr 

Ile 

Ala 
155 

Gln 

Lys 

Gly 

cgt 
Arg 
140 

cag 
Gln 

aaa 

Lys 

ttt 

Phe 

Leu 

Asn 

Glu 

Pro 

60 

Ala 

Asn 

Thr 

Thr 

Arg 
140 

Ala 

Gln 

Lys 

Phe 

atc 

Ile 

99c 
Gly 

99c 
Gly 

gcc 
Ala 

tcg 
Ser 

205 

Ala 

Asp 

Val 
45 

Lys 

Thr 

Gly 

Arg 

Asn 

125 

Ile 

Gly 

Gly 

Ala 

Ser 

205 

gcc 
Ala 

cag 
Gln 

aag 
Lys 

aca 

Thr 
190 

gto 
Val 

Cys 

Gly 
30 

Val 

Ile 

Pro 

Val 

Asp 
110 

Ser 

Ala 

Gln 

Lys 

Thr 
190 

Val 

aac 

Asn 

aat 

Asn 

aag 
Lys 
175 

99c 
Gly 

atc 

Ile 

Leu 

15 

Thr 

Asp 

Ser 

Phe 

Lys 
95 

Leu 

Asn 

Asn 

Asn 

Lys 
175 

Gly 

Ile 

ctg 
Leu 

9C9 
Ala 
160 

gaa 
Glu 

aca 

Thr 

tat 

Tyr 

Ala 

Ile 

Pro 

Thr 

Ser 

80 

Leu 

Thr 

Ile 

Leu 

Ala 
160 

Glu 

Thr 

Tyr 

432 

480 

528 

576 

624 

631 






















